Abstract. Sugar palm frond fibre has a potential to be as reinforcement in natural fibres reinforced polyester composites. This paper investigates the tensile properties of sugar palm frond fibre reinforced polyester composites. The sugar palm frond fibres were mixed with polyester composites at the 5 % fibre volume fraction with three different vacuum pressure of 5, 10 and 15 psi. The composites panels were fabricated using a vacuum bagging techniques. The tensile test was carried out in accordance to ASTM D638 respectively. The results showed that the vacuum pressure at 15 psi gave maximum value for tensile strength and tensile modulus. The results indicate that by increasing the vacuum pressure, it created a better bonding between fibre and the matrix. Minitab software was used to perform the one-way ANOVA analysis to measure the significant. From the analysis, there is a significant effect of vacuum pressure on the tensile properties.
Introduction
Sugar-palm (Arenga Pinnata or Arenga Saccharif-era) trees are found growing productively in many tropical countries such as Indonesia, Malaysia and Papua New Guinea. The trees are native to most of South-East Asia region, India, Sri Lanka and Papua New Guinea [1, 2] . This plant is particularly known in Indonesia for its product of palm sugar, vinegar, a distilled alcoholic drink and its sweet sap. Sugar palm fibre is a kind of natural fibre that is presently increases the attention of researchers. This sugar palm fibre is used for application of traditional products such as paint brush, roof, carpet, broom and chair [3] . There are four different parts of the sugar palm trees such as sugar palm frond, sugar palm bunch, sugar palm trunks and ijuk fibre. The use of sugar palm fibre also has an economic advantage if carbon and glass fibre are to be replaced by this sugar palm fibre [4] .
Vacuum bagging technique is one of the manufacturing methods to fabricate the natural fibre composites laminated plates or any product. The vacuum bagging process takes several materials, including a vacuum bag, natural fibre, vacuum pump, polyester resin. Vacuum bagging system uses a technique where the mechanical pressure is created on the laminate during its cure cycle [5] . Therefore, for sugar palm frond fibres to achieve reasonable results as a potential alternative material to synthetic fibres in composites, the basic mechanical properties such as tensile strength needs to be examined and possible improvement by using different vacuum pressure needs to be investigated.
Materials and Methods
Preparation of Sugar Palm Fibre. Sugar palm frond as shown in Fig.1 was obtained from Kampung Senibong, Johor Bahru. The frond was obtained from matured sugar palm trees. Sugar palm frond fibre was extracted and cut at the average width of 10 mm in length. Fig. 2 showed the sugar palm frond fibres. The chopped sugar palm frond fibres subsequently washed by using water to remove the dirt and later dried in the sunlight until all the moisture is removed from fibres. No chemical treatment has been made to the sugar palm frond fibre in an attempt to simulate the original strength of the fibres. Polyester resin is obtained from Luxchem polymer. Preparation of Composites Panel. This sugar palm frond fibre polyester composites were produced by using vacuum bagging technique as shown in Fig. 3 by using 3 different vacuum pressure at 5psi, 10psi and 15psi. The flat molds for preparing the composite panels were made of aluminum sheets at the dimension of 200 mm (L) x 150 mm (W) x 3 mm (T). The process of making molds used 3 layers of double-sided tape to form it into a square shape. Sugar palm frond fibre and polyester resin will be mixed with a ratio of 5:95. The sugar palm frond fibres were placed into the molds manually based on the volume percentage. Polyester and hardener were mixed together based on its weight to form a matrix.
Fig. 3 Vacuum bagging technique
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Key Engineering Materials III Preparation of Test Specimen. After being left for 24 hours, the composite panel will be removed from the mold by using a scrapper. Then, the composite panel was dried under the room temperature (27°) for a week for the conditioning and cooling process before cut into the desired standard size of test specimens. The fully cured composite panel was cut into the desired standard dimensions for the tensile testing according to ASTM D 638 Types 1 standard using a band saw machine as per Fig. 4 .
Fig. 4 Tensile specimen
Mechanical Testing. The tensile test was performed at the Fibre and Biocomposite Development Centre (FIDEC) at Olak Lempit, Banting. Tensile test of the specimens has been carried out at the room temperature with a constant cross-head rate of 10 mm/min using universal testing machine type Gotech model. The load cell that has been chosen is 5 tons. Five specimens were tested for each various vacuum pressure, and the average value was obtained using Gotech software.
Results and Discussions
Tensile Strength and Tensile Modulus. Tensile stress is the maximum stress that a material can withstand while being stretched or pulled before failing or breaking. Tensile modulus presents the ability of a material to resist deformation in tension. The Fig. 5 and Fig. 6 below showed the tensile strength and tensile modulus for different vacuum pressure at 5% fibre volume fraction. The vacuum pressures of 15 psi gave the highest tensile strength which is 26.2 MPa while the vacuum pressure of 5 psi gave the lowest result at about 22.0 MPa. It can be seen that the increment of vacuum pressure increases the tensile strength and modulus. It is seen that maximum value for modulus young recorded for composites was 1285.5 MPa at 15 psi of vacuum pressure, whereas minimum value was 1120.0 MPa at 5 psi of vacuum pressure. The function of the matrix is, as to transfer the load to the stiffness of the composites through shear stresses at the interface. Hairul [6] in his study on the vacuum pressure, showed the similar result where the tensile properties of the sample tend to increase when the vacuum pressure is increased. The higher pressure has improved the interfacial bonding between resin and fiber surface. Fig. 6 The tensile modulus of different vacuum pressure at 5% fibre volume fraction
Analysis of Variance (ANOVA).
One-way analysis of variance (ANOVA) was used to determine whether increasing vacuum pressure gives any significant effect on the tensile properties of sugar palm frond fibre reinforced polyester composites. The ANOVA is summarized in Table 1 below. Since F * = 166.80 > F 0.01;5;84 = 3.26, we reject the null hypothesis and conclude that increasing the vacuum pressure significantly affects the tensile properties of sugar palm frond fibre reinforced polyester composites. This is supported by the p-value which is considerably smaller than α = 0.01 (p < 0.01 ), indicating that there is a strong evidence to conclude that the null hypothesis is not true. However, the ANOVA does not tell as which level of vacuum pressure result in increased tensile properties of the sugar frond fibres. This can be determined further by S/N Ratio in Taguchi Methodology.
Conclusion
In this paper, the tensile properties of sugar palm frond fibre reinforced polyester composites has been measured. Based on the result, it was found the tensile properties showed an increasing trend as the vacuum pressure increases. One-way ANOVA has shown that there is a significant effect on the tensile properties when the vacuum pressure is extended from 5 psi to 15 psi. It is also found that the alignment of fibre, intersection between fibre and matrix, bubbles arise during the fabrication of the panel and fibre dispersion can affect the tensile properties of the natural fibre reinforced composite. Vacuum pressure also plays an important role where, when given high pressure, it can improve the adhesion between reinforcement and the matrix. The result confirmed that more studies are needed to determine the beneficial and cost effective applications of sugar palm frond fibres in composites. 
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